RESULTS:
Of the 272 discharged patients meeting inclusion criteria as children with at least 1 CCC, 19% had at least 1 readmission within 30 days of discharge. On univariate analysis, readmission was associated with the number of home medications (P = .001), underlying chronic respiratory illness (P < .001), home apnea or pulse oximetry monitor use (P = .02), tracheostomy and/or ventilator dependence (P = .003), length of stay (P = .04), and number of follow-up appointments (P = .02). On multivariate analysis, the number of discharge medications was associated with increased odds of readmission (odds ratio: 1.11 [95% confi dence interval: 1.03-1.20]; P = .01). Receiver operating curve analysis identifi ed a cutoff of 8 medications as most associated with readmission; in patients discharged with ≥8 medications, the hospital readmission rate was 29%.
CONCLUSIONS: This is the fi rst known study that investigated hospital readmission rates in children with CCC discharged from a subacute facility and specifi cally identifi ed the number of discharge medications as a signifi cant risk factor for readmission.
Hospital Readmission in Children With Complex Chronic Conditions Discharged From Subacute Care
Children with complex chronic conditions (CCC) are defi ned as children with ≥1 medical condition that can be reasonably expected to last at least 12 months and to involve either several organ systems or 1 organ system severely enough to require specialty pediatric care and probably some period of hospitalization in a tertiary care center. 1 Children with ≥1 CCC often have functional limitations and special health care needs, including neurologic impairment and technology dependence. [2] [3] [4] [5] With advances in medical technology, the prevalence of CCC has increased over the past 15 years. 4, 6, 7 Not surprisingly, children with CCC disproportionately use inpatient health care resources, accounting for nearly 20% of hospital admissions and up to 50% of hospital days and charges. Children with CCC are also more likely than other children to be readmitted after an acute care hospitalization. Although the overall 30-day pediatric readmission rate is ∼7%, 30-day hospital readmission rates in children with CCC vary from 13% to 40% based on the degree of medical complexity and technology dependence. 3, 12, 13 Because hospital readmission accounts for the largest share of subsequent costs after an index hospitalization, 3, [14] [15] [16] payers are increasingly targeting hospital readmissions to reduce unnecessary health care expenditures. 14, 17, 18 Children with CCC discharged from acute care often have complex care plans, including technology dependence, complicated medication regi mens, and multispecialty care coordination. These issues can make acute care hospital discharge to home challenging and contribute to increased readmission rates. 2, 12, 19, 20 Thus, some children with CCC are transitioned to subacute pediatric specialty hospitals for transitional medical care as well as focused discharge preparation and teaching. However, we are not aware of any studies to date specifi cally examining readmission rates or risk factors for patients discharged from subacute care facilities. Previous studies that focused on acute care hospitals found an increased hospital readmission rate in children with an increasing number of CCC, congenital heart disease, respiratory illness, neurologic illness, and dependence on medical technology, as well as demographic factors including female gender, non-Hispanic black race, and public insurance. 3, 6, 9, 10, 17 We hypothesized that readmission risk factors would be similar for patients with CCC discharged from a subacute facility versus discharge from acute care facilities but that the overall readmission rate would be lower due to the opportunity for more focused discharge preparation at the subacute facility. The objective of the present study was to describe the readmission rate for children with CCC discharged from a subacute facility and to identify associated risk factors.
METHODS

Study Setting and Design
We performed a retrospective cohort study of patients discharged to home from a 100-bed, urban, subacute care pediatric facility that provides rehabilitation and transitional care for children with special health care needs. The facility is staffed by hospitalists from its primary referral site, a 303-bed, urban, academic, freestanding children's hospital. Eighty-fi ve percent of patients in the subacute facility come from the primary referral site.
Study Population
Administrative data were used to identify all children aged <18 years discharged to home from the subacute care facility between December 2009 (when our current electronic medical record was instituted) and August 2011. We reviewed the subacute facility medical records by using the framework of Feudtner et al 1 to identify all children with at least 1 CCC. Specifi cally, a CCC was defi ned as any medical condition that can be reasonably expected to last at least 12 months and to involve either several organ systems or 1 organ system severely enough to require specialty pediatric care and probably some period of hospitalization in a tertiary care center. The framework includes a list of possible conditions based on International Classifi cation of Diseases, Ninth Revision, codes, categorized according to organ system (Table 1) . We then reviewed the electronic medical record from the referring acute care institution to identify patients readmitted ≥1 time to the acute care hospital within 30 days of subacute discharge. We excluded patients emergently transferred to an acute care facility, discharged to an outside residential facility rather than home, and patients with planned readmissions.
Data Collection
Using the medical record and clinical and administrative databases, demographic information and discharge char acteristics were identifi ed, including number of and type of chronic medical conditions based on the framework of Feudtner et al, 1 technology dependence, number of discharge medications, number of scheduled follow-up appointments, and home nursing arrangements. The primary outcome was hospital readmission within 30 days of discharge.
Statistical Analysis
Wilcoxon rank sum testing was used to compare continuous variables; χ 2 or Fisher's exact tests were used (as appropriate) to compare categorical variables; and multivariate logistic regression analyses were used to adjust for potential confounders. Age was considered an a priori confounder. Demographic or discharge characteristics with P values <.05 in the univariate analysis were included in the logistic regression analysis. We used receiver operating characteristic curve analysis to determine if specifi c values of count variables could better predict readmission and determined cutoff values based on optimal sensitivity and specifi city. Optimal sensitivity and specifi city were defi ned 21 as those yielding minimal value for (1 -sensitivity) 2 + (1 -specifi city) 2 . The type I error was set at 0.05. All calculations were performed by using Stata/ IC version 10.1 (Stata Corp, College Station, TX).
Human Subjects Protection
The protocol for the conduct of this study was reviewed and approved by the institutional review boards at Children's National Medical Center and the research committee at HSC Pediatric Center.
RESULTS
Of the 429 subacute care facility discharges during the study period, 272 met inclusion criteria as children with CCC. Of these 272 discharges, 52 (19%) had at least 1 acute care facility readmission within 30 days of discharge, with 44 (85%) readmitted once and 8 (15%) readmitted twice. Patients who did not meet inclusion criteria were admitted to the facility for a variety of other reasons, including a prolonged course of intravenous antibiotics, rehabilitation after an orthopedic procedure, or for brief respite care. Univariate analysis showed increased readmission rates among patients with chronic respiratory conditions (P < .001), patients discharged with an apnea or pulse oximetry monitor (P = .002), and patients with a tracheostomy, with or without ventilator dependence (P = .003). Readmission was also associated with increased length of stay (P = .04), number of follow-up appointments (P = .02), and number of home medications (P < .001).
For the multivariate analysis, a logistic regression model was constructed incorporating signifi cant variables from the univariate analysis and confounding variables (Table 3) . Both age and number of medications were signifi cant variables in the multivariate analysis. Controlling for chronic respiratory condition, use of apnea or pulse oximetry monitoring, presence of a tracheostomy and/or ventilator, length of stay, number of medications, and number of follow-up appointments, the logistic regression analysis demonstrated that age was associated with decreased odds of readmission (odds ratio: 0.99 [95% confi dence interval: 0.99-1.00]; P = .034). Specifi cally, for each additional month of age, the odds of readmission decreased by 1%. Controlling for age, chronic respiratory condition, use of apnea or pulse oximetry monitoring, presence of a tracheostomy and/ or ventilator, length of stay, and number of follow-up appointments, logistic regression analysis demonstrated that the number of medications with which a patient was discharged from the hospital was associated with increased odds of readmission (odds ratio: 1.11 Receiver operating characteristic curve analysis demonstrated that a cutoff of 8 medications best predicted readmission, optimizing sensitivity (56%) and specifi city (69%) (Fig 1) .
The area under the curve was 0.65 (P = .04). A cutoff of ≥8 discharge medications yielded a positive likelihood ratio of 1.78 and posttest probability of readmission of 29%. Thus, in patients discharged with ≥8 medications, the probability of hospital readmission increased from 19% to 29%. The selection of our cutoff at ≥8 discharge medications provided the single largest increase in relative probability of readmission (18%) compared with any other cutoff factor.
DISCUSSION
We found that children with CCC discharged from a subacute facility were readmitted at rates similar to those discharged from acute care facilities. Specifi c risk factors identifi ed by using univariate analysis included: presence of a chronic respiratory illness, home apnea or pulse oximetry monitor use, tracheostomy and/or ventilator dependence, length of stay, number of follow-up appointments, and number of discharge medications. The number of discharge medications and age both remained signifi cant when controlling for other factors noted in univariate analysis.
The fi nding from our univariate analysis that children with chronic respiratory illness are at increased risk of readmission is consistent with previous fi ndings from acute care facilities. 4, 13 Unlike these studies, however, we found no association with demographic factors (eg, female gender, older age, black race, public insurance) and neurologic conditions. 20 This outcome could be in part attributable to the relative homogeneity of our sample compared with the acute care populations previously studied.
We suspect that the positive correlation between the number of follow-up appointments and readmission risk may refl ect an underlying relationship between patient complexity or fragility and the extent of follow-up required, although the study does not specifi cally examine this relationship. Follow-up appointments are also an important time for provider reassessments, medication adjustments, technology evaluation, and testing. Although it is reasonable to suspect that missed appointments may put patients at risk for readmission, we do not have data regarding nonadherence with followup appointments. Nonetheless, interventions such as transportation assistance for outpatient appointments, increased home nursing support, ongoing case management, and enhanced communication with the outpatient medical team may warrant further study.
Our multivariate analysis identifi ed a positive correlation between hospital readmission and number of discharge medications. Previous research that focused on medication reconciliation in admitted children with CCC found errors in 1 in 5 medications, affecting more than one-half of patients. 22 These errors included omissions as well as incorrect frequencies and doses. An additional study in the outpatient setting identifi ed multiple prescriptions as a signifi cant risk factor for adverse drug events. 23 Although diffi culties with medication procurement, maintenance, education, administration, monitoring, or adverse drug events may increase the risk of hospital readmission, our study did not specifi cally examine whether readmissions were medication related. However, interventions to reduce medication-related readmission risk (eg, enhanced medication teaching, assistance with medication procurement) may be useful areas for future study.
Comparing readmission rates for children with CCC discharged from subacute versus acute care facilities is complicated by the fact that there may be unmeasured differences between the 2 hospital populations. For example, the clinical decision to discharge a patient to subacute care, rather than directly to home, may be related to the presence of psychosocial or socioeconomic risk factors such as www.hospitalpediatrics.org poor housing conditions, inadequate fi nancial resources, and poor health literacy. Although subacute care discharge processes may mitigate these risk factors, many are likely to persist at discharge. These are diffi cult factors to identify, quantify, and study, and they comprise an important direction for further study.
Our study has several limitations. Although our sample was powered for the primary outcome, our sample size limited comparison among patients with different numbers of readmissions. This trial was also a singlecenter study focused on discharges from subacute rehabilitation and transitional care facility followed by admission to a single acute care facility. Although the acute care facility is the largest regional provider of inpatient pediatric care for CCC and the primary referral center for the subacute care facility, some patients may have been admitted to other institutions and not counted as readmissions in our study.
CONCLUSIONS
To the best of our knowledge, this is the fi rst study to identify readmission rates and risk factors for CCC discharged from a subacute pediatric facility. The readmission rate from this single subacute care institution was similar to readmission rates from acute care hospitals. The presence of at least 8 discharge medications was associated with increased readmission risk. Although future studies are needed to characterize any preventability of these readmissions, subacute hospitals may want to consider enhancing discharge-planning processes for patients with high number of discharge medications.
